Integrated Tilt and Active Lateral Secondary Suspension Control by Zhou, Ronghui et al.
University of Huddersfield Repository
Zhou, Ronghui, Zolotas, Argyrios and Goodall, Roger M.
Integrated Tilt and Active Lateral Secondary Suspension Control
Original Citation
Zhou, Ronghui, Zolotas, Argyrios and Goodall, Roger M. (2009) Integrated Tilt and Active Lateral 
Secondary Suspension Control. In: In (STECH'09), International Symposium on Speed-Up, Safety 
and Service Technology for Railway and Maglev Systems 2009, 16th - 19th June 2009, Niigata, 
Japan. (Unpublished)
This version is available at http://eprints.hud.ac.uk/17921/
The University Repository is a digital collection of the research output of the
University, available on Open Access. Copyright and Moral Rights for the items
on this site are retained by the individual author and/or other copyright owners.
Users may access full items free of charge; copies of full text items generally
can be reproduced, displayed or performed and given to third parties in any
format or medium for personal research or study, educational or not-for-profit
purposes without prior permission or charge, provided:
• The authors, title and full bibliographic details is credited in any copy;
• A hyperlink and/or URL is included for the original metadata page; and
• The content is not changed in any way.
For more information, including our policy and submission procedure, please
contact the Repository Team at: E.mailbox@hud.ac.uk.
http://eprints.hud.ac.uk/
	
			
		

 !"#$%
&'&('()*+,+)
		-	.	
*		
! *!% 
	
			

	
		
	
	
				 		 !	"	! 		

/"		
0	.	!
	!

!
-	1		2-	1		-!((3224
5&6	  &&6	
	  &&		

78
1		&&9


#	

	
		
	
  
  	 
	  	
 	    		 		
			
	


	
		
 	   
	

				
	  	 
		    		 
   
 	  	  	 

	    	  	 
   	
 	  	
 
 
 	  	 


  	     	
	
 

$%		
	
   	 	  	 



				

    
 !	
" 	
	   
  	
  

 	 	#$%		
 	 		 
  	  
	 	     
	#&'%

(							
						
		
 	 		  ) 
 

	
 	   	 	
	  
   	 	  *	 
					
 	 	 	  	
	   
 
 	

	#+%*			
  	   ,  	 		



	


	

-

	#&.%
		
 
    	 
		
			
			
		
 

	

	
	/ 
0 1 	 0	 01 0 
		


	

  	
 2 1 	 0	 21 0
 
  
 	 	 	
 	 	 
 

  	 

					

			

34 		34  

 		   	   / 5 &

 
    	 5 '
	   		  

   	  
34 5+
5.
	


	0	
	
56

&%	'	'
	

 
  	  
	*	$  3
7	  37  
     
 
    3 7	   
  #6%
0	
      	  
  
      	 	 

 

 	
	
	
	(	
		
	
   
    ,	 
	
	(		
	 	


  *	$/		
		
	
			
		

 !"#$%
&'&('()*+,+)
		-	.	
*		
! *!% 
5 
  
   	 
		


 
   	
  *	 & 
	
	
		
	


   	 

   
  
	 
	  	
  	
  
	

	


	  	 

   	

 	   8  

  	
	9				
 :   
  	   	 	

	 

7 	
	 
   
 *	  

		



*	&/9
			

 		  	 		 	

 
	 
 	  	


			:
	
 					


 	    
	 	 ;
 2 	  	 
		



	
*	&		

   	 	 ,
 
 
  #& ' <%

		  =&.>>>2:  

7
	
/

&&
>

$>
&
&
$&$


11
11
:



9
+−+−−−
−−−−−−=
θθθ
θθθ


      $
7
	
/
&&

&
&
>
&
$
&
$
$
&$$
&$$
θθθθθ
δθ
θθθ
θθθ



616
11
11
11
99
:
9
9
−−−−−
−+−−
−−−−−+
−−−=
          &
7	
/

&&
&&
>&>
&
>'
>'&$
&$
11
11111
1111
:



99
9
−+−−−−
−−−−−−
−+−−−=
θθθ
θθθ
θθ



      '
7	
/                 

&?@&
?
@&
&&
&>
&
&
&
$
>'
>''&$
&&$&
:
999
9
9
9
116
16616
111
1111
1111
−−+
−−+−+
−−+−−+
−−−−−−
+−−−=
θθ
θθθθθ
δθθθ
θθθ
θθθ




       +
*	

		/  
11
6
6

6
6

6
66


9

9

99 θθθθθ  ++++−=               .
  !
" /  1  −   

 
 &  
  	    

 
   	 
   	 
	  7  	 
 	  
		 , 
 	 	 
	
 

		  )

21 0					
	

		  ) 

01 0	
	
	
			
 
*		
	



#&<%

  
 
 	  	 
  

 	 
  
	 
	
		

		
	
		

$>>>
, 	   
,
>θ   6 
		


	
 	 		  			 
			
	

 	 		
   	, 
	   
  :&
&&Ωpi   ::& 
   
			

Ω  
A$>''> −× #&%

(%	'	)'	*'	
	

	'	+	

(%$	,-"	."	!"	"/"0"	
				 
  *	 '    
  
B  	  
 
  
 	   	 	
	
			
		

 !"#$%
&'&('()*+,+)
		-	.	
*		
! *!% 

	  	 	  
 

    	 		 
 
  	 	  	
	


 *	'/1			

(%&	 1 , 	,	"0	 "0"	 .. ,	
		
	 
	

    		 
  	
 		 #<%   		
 	  
    

 
 		  	 	 	 
	
 	 
    
  
		

 

(		 
1					/
• 9 		 	 	 	 
	


	

,   	
  	  

 
 
 	  
	 
	  	 	 
 
 
   	
 
 	
		B	
		 
• 9  	   			 
 	
 
 	 	  
1 
	  
  	
  

 
1 
               CC 
1


1   −               6
• 9  	
	

  	
  
1θ  
 




1θ 	#<% 
               CC 
1


1 θθ  −               <
• 9 	  
  
	

	#'%

5				/
• 5		 	
    	  <.D
		
	

E 	
 	

   	  	 	 	
	 
   3 9 5	
395		 

0		/
• 9			 	  	
 		  	 	 	 
  
	  $> 2 	  
	 

		 

 		
,
	/ 
$  
 	
 	   		 
	
   	 		  ,  
(

		
 	         
	 	 #$% ( 			  
	
 

&  

 	
 	  		
			
	 , 

	 	 	 395    	
	  	 
    	 			
	
   	  
		 
	
   	 	 
 	
 
	
 	  		 		  
	
	
			

'  	
 	  	 	 		
  	
    	 	 395

	
#+%

+  	
 	  	 	 	 
 	 	  
 	 
		 F	 	 	 	 	 
	 		   ,  	 	


 	  		 

	
		
 	  	
 	 ) 	,
		
	


  	
  	
    	
	  	  	 
	 		 
	  
	 -	  	 

   B 	 	  



2%	1		
	
		
	
 	 	     

	    
 	 
 	

  

  	 	 	  
 
 	 			 
	
 	 
 	 	 	 	
	 
    
 	 
	 #'%*		
	

			
	
			
		

 !"#$%
&'&('()*+,+)
		-	.	
*		
! *!% 
 
 	 	      

  	 	   
   	
 
 	  			
  
	
  #'% 	  

 : >
&
  θθθ +−=      		
		       
 	  
 	 
 
			

3 4  		 34   
  	 
   (:G 	 	  
	   	  34  	


  #H%   	  	  	 

			
	/

$ F	 34    	 	 	
	



	 
  	 	 
  
	 

& 4
 	 	    			
 
  
 	   
  
34 	,   
  	 	
 

 

 (  34  	,  

	,
	

	


01 0	

21 0	
*	+/34 

*	 +   	

34 
	    	  	  &&× 
 	 
  	 

 	  0 	 
 		 34   	  . 
 

  
	
 		 
 
  
		 *	+   
   
 	    
  
21 0	 34 	,	 

 	, 		   	


	$>	
:	
 		  21 0  

   &A 	
:


5.&
34 
	
 $'  34   	 	  $' 
	  &A 	
:   
 
$$*	+      

3%	

		 	

 	  
 
   
 	 
   	 	
	

/ 

3%$	 -" 	 !"," "!	 ! 1 , 	 ,	
45	

*	./01 0	

*	.		0

	

		01 0

			

					
	
		


   
  	 	

  
 	 #+% F	
		 
 
 	 	 
 
	
 	
 
 	 	 

 
 	   	 
	 
 	
	 	 -  I F
 = $   J7		 	K 	 

   	 FL 
   
	
	   
    
	 -L 
   		 	
	

		
		
	





	    	 
   	
	   	 
 9	 
  
		

#+%

  	 	  
     


  	 	 #'%   
	
			
		

 !"#$%
&'&('()*+,+)
		-	.	
*		
! *!% 
(    +−−= : >& θθ ) 	




	   	  	
 		 

	  	  &θ  1 θθθ −=&  
 	  $ 
 & 	   >6$. 
 >'A.
	 			 6>D	
	 	   	 
  
   99 &&$ : θ−−   
				L( 

 		  
  4 	
254 M((#.$>%

	
	

.A:			

*	A
$

3%&	"6	!"," "!	! 1 , 	,	45	
7
     5 +   
	


		
    
 	
-			


	
	 	   	   
	
					

		N7	

		
	
N7	
	
*	6  


*	6/21 0	

   N 	 	 		

	(
	

				N	

 #& '%/  
 	 	 
	 
 	 		 	 

	

	
		
  	 ,	 	   		
:$ 
					

>θθ  + *	<		
	
	


	
	
			
         


"4

9		9
$
& &&
&
×
+⋅+
×−= ξ
      A     

7
		

	

*	</O	
          
	
"     
    
  	    $>& ×pi  : 

	 <><>=ξ 

 	,L(1		
 		
	
  	 	   	 
 
 
	 	  

 	  
		/ 
         
$

$:

+
×
+
++=


,.


)
9

9
94        H
	   		
>&.#6 

 		 		    


 
    	  01 0 	 

			
*	A
$

 7%			)	89	 	

 		   01 0  	  
9

 2  0	 920 #&% 
	
,   
 395     395
      	
 	 
	   	
 	 		 

	 		
 
 
	

	
 	 	 -	 
	   	
   	 	 



		

	  
  	
		 	  
   	
		 

	
			
		

 !"#$%
&'&('()*+,+)
		-	.	
*		
! *!% 
7  ,   
 395   21 0 	
 	

 	
   
 	
	
	

 
	 	
	   	
 	  	
 
    	
  

 -	  	   	 
				

 ,     	 	  

	  	
 	  
 
	  	 	 *			  

	 	 	   
  
15L
		

)	

#$%394
	

	   
	  	  $ 	
	 	 "	 ; "		

!*	
$>+/$.'P$6>$HHH
#&% 0Q+		
	
  
   ,&.&%  F	 R	
&>>&
#'% 0Q41-
394
 
	   	 	 	  

	,	"!6'&P6'6
&>>>
#+%- F 
 3 9 4
 F	 
 	
 
 	  	  	
 "		
 ! , <</
A+'PA.>$HHH
#.%- Q	   0 Q 
394
 
	 
 	 
 	/  
 
B  	 <
 
.+6>$/.'.P.+<&>>A
#6%S L	 3 9 4
 
 ( L	 0	 

			
	  *	
 	 
   
&$&/+'P6>$HHA
#<%  0 Q 
 3 9 4
 9
 

	  	 -	
 		
  		  '6</ '<'P+$&
&>><
#A%394
 		
 		 +-=+> ?--)0 ?"4
&>>$+/&'$P&'H&>>$
#H%5 5
 
 ( L 
1

19		
@
	
&
S)0	&>>.(572>+<>>$$6<,
#$>%2 5	 
 N 1 9B
  

 	  
	 !	
	 		 &/&&$P&+A
$HH+
  
     9	
		          7
            F	
       
*	A/
		
	  

                      $/  0		T.A:

        )	@   920UUU9

20	#&<%
                0L0UUUU0		
	
	#&'<%
1	0R3;O13 0N                01 0      21 0     920      0L0
LL	  
D	   
             
D	  
9,	

   .HA
   $<H 
   H6$
   ++H
   $$H
   A6H
   <$+
   &&6
   AH>
   +<6
   $'.
   AH>
53 0N(33O4RF 3((O5
L		  395D

    395D
                 
	
D
   '<A  
   '.>  
   <+$
   '<A
   '&A 
   $'&'
   '<A
   'HH
   .A>
   '<A
   ''$
  $&$&
9,			2    H<H6    +>>>    :    :
